Pesticide Analysis Using QUEChERS Extraction:

A Comparison of Manual and Automated Approaches
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QUEChERS is a Quick-Easy-Cheap-Effective-Rugged-Safe extraction
method that has been developed for the determination of pesticide
residues in agricultural commodities.
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The European Standard is Method EN 15662:2008. While originally
developed for plant matrices, the technique has since been adapted to be
used

in several applications and in many additional matrices.
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The rise in popularity of the technique and the increase in sample testing
loads have lead to automation as a possible solution to increase
productivity.
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The method, as mentioned, is a simple and fast extraction when
compared to traditional semi volatile extraction techniques.
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However, it still requires dedicated manpower, sample prep equipment,
manual spiking, manual pipetting, and a wide range of reagents and
consumables.
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The analytical and practical challenges of automating this technique will
be discussed and a comparison of extraction recoveries achieved both

manually and by automation will be evaluated.
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Data will be presented that justifies automation as a possible solution to
increase sample throughput, reduce costs, and improve the accuracy
and precision of the extraction.
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Results/Discussion %% /31#%

Solvent Addition, Spiking and Preservation Liquid handling is
accomplished with a dual syringe drive system, one equipped with a 25
mL syringe to handle

larger solvent volumes, and a 250 pl syringe to handle smaller spiking
volumes.
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Multiport ceramic distribution valves allow for the user to connect
multiple extraction solvents and spiking solutions to the fluidic pathway
without cross contamination.
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The syringe drive and valve are chemically compatible with virtually any
extraction solvent; but this study validated the accuracy and precision of
delivering water and acetonitrile.(Table 1)
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The system was confirmed to deliver within 1% accuracy and have
repeatability of less than 1%RSD.
PR RFERE F 1% P i E MR, £ 8§ ) S LRSDT E A1



The system can be programmed to deliver spike volumes of 25 ul, 50 ul,
75 ul, 100 pl, 150 pl, and 200 pl.
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Accuracy and precision of the spike volumes were calculated and
recorded.(Table 2) Sets of extractions were performed manually and by
automation at two spiking levels.(Table 3)
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Acetonitrile ater Amount 25pL 50 pL 100 pL 200pL 250 pL
Avg (ml) 993 Avg (ml) 9.95 Avg(pl) 24 48 97 197 248
%Rec 99.3 %Rec 99.5 %Rec 96.0 96.0 97.0 98.5 99.2
%RSD 0.05 %RSD 0.18 %RSD 3.9 0.8 0.3 0.2 0.04

Table 1: Accuracy and precision of the 25 mL Table 2: Accuracy and precision of the 250 L syringe drive. (n=10)
syringe drive. (n=25)

Pesticide Mid-QC 100ng/ml Low -QC 20ng/ml
A“;""‘a'ed Automated Hand Spike HandSpike hutomated . mated HandSpike Hand Spike
A= %RSD  Recovery  %RSD 9 %RSD  Recovery  %RSD
Recove| Recove|

2,2°,5 -Trichlorobiphenyl (PCB-18) surrogate 99.1 5.4 99.2 9.0 97.6 3.5 97.6 4.1
2,44 -Trichlorobiphenyl surrogate 106.4 3.7 104.7 8.0 112.4 3.2 107.8 33
2155 Tet’acrd‘r)[’g;’;‘t’ge"y‘ (PCE-52) 813 3.1 79.1 7.9 86.3 30 82.8 39
Triphenylphosphate (TPP) IS 106.8 14 106.8 9.4 106.7 1.9 106.0 24
Dichlorvos (DDVP) 24.1 77 98.6 84 833 57 91.9 5.6
Trifluralin 95.5 5.6 94.7 9.5 116.5 4.5 1246 3.1
Atrazine 96.9 3.1 99.0 6.3 104.4 5.5 99.2 4.2
Chlopyrifos Methyl 107.3 3.2 104.5 9.8 116.0 4.1 119.2 3.2
Linuron 105.5 6.1 109.9 106 93.3 7.8 103.2 2.8
Chlorpyrofos (Dursban) 99.0 4.9 108.1 15.0 99.2 134 101.6 7.1
Cyprodinil 99.3 23 100.7 8.7 108.3 4.4 107.8 3.9
Thibendazole 100.9 6.4 934 13.7 130.0 5.4 115.1 5.2
Procymidone 102.0 1.5 99.8 53 112.0 3.9 110.1 3.3
2,4-DDD 99.7 2.3 100.0 8.2 103.9 3.4 106.4 1.9
Kesoxim Methyl 97.9 2.8 101.7 8.7 95.4 4.0 100.0 3.2
Ethion 95.7 2.9 99.3 12.2 119.7 2.3 129.1 6.8
Endosulfan Sulfate 110.2 2.2 106.8 9.3 1134 4.5 108.1 6.4
Bifenthrin 99.4 2.7 103.0 10.1 98.9 2.9 103.2 3.1
Lambda-Cyhalothrin 90.7 4.6 94.6 10.7 1125 4.8 1213 4.0
cis-Permthrin 994 3.6 99.3 9.2 106.9 4.2 1025 36
trans-Permethrin 100.8 2.1 100.2 8.0 106.8 4.4 107.3 1.9
Ave rage 99.4 3.7 100.2 9.5 105.9 4.6 106.9 4.0

Table 3: Recoveries and reproducibility of pesticides spiked in Apple using a manual and automated technique. (n=8)
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The salt delivery dispenser is equipped with a “hopper” capable of
holding over 2 Kg of premixed QUEChERS salts and the container is
sealed and kept under a blanket of dry gas during use.(Figure 1)
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Figure 1: Salt dispenser equipped with gravity fed hopper
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The volume delivered can be adjusted to accommodate a delivery of
between 4-10 g of salts.

Tests were performed to confirm the precision and accuracy of the salt
dispenser.
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The volume of the rotor was set to dispense 6.5g (EN15662:2008) and 7.5
g (AOAC2007.01) of the salts and the dispenser was programmed to
deliver 25 doses. The doses were evaluated for accuracy and
precision.(Table 4)
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EN 15662:200 AOAC 2007.01
Extraction Salts (6.5g) Extraction Salts (7.5¢
Avg (g) 6.53 748
Stdv 0.05 0.08
%RSD 0.77 112

Table 4: Precision and accuracy of the solids dispenser
for both the EN and AOAC extraction salts. (n=20)|

Mechanical Mixer ##2 & %

There are several advantages to automating the mixing step, as well as
the dSPE cleanup portion of the extraction.
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Besides the obvious labor saving, employing a mechanical mixer for the
QUEChERS extraction eliminates the variation of the shaking techniques
of different analysts, and improves the sample interaction with the
extraction solvents due to a more rapid and vigorous mix.
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The automated shaker mechanism is capable of mixing up to 2-50 mL
centrifuge tubes and 2-15 mL centrifuge tubes simultaneously.(Figure 2)
All matrices that were mechanically mixed were equal to or better than
samples that were manually shaken.(Figure 3)
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Figure 2: Mechanical shaker W2 : #$+#&J X
Figure 3: Mechanical and hand shaken samples. - A: Blackberry, B:
Apple WI3: {842 ShjriffHs - A1 2%, B: %

Several experiments were performed to confirm the reproducibility and
efficiency of the mixer.

In the first experiment, an apple matrix was manually spiked with a 50
ppb pesticide spiking solution.
BETHRBRRMAERSRE Bl R foses,

A% - BRR?, - BEEAF, <13 >50ppbinf FHRE SRR,

The samples were then extracted following the EN 15662:2008 extraction
method parameters.

The extractions were performed using both a manual shaking technique
and the mechanical shaker for the mixing steps of the method.
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The sample extracts were analyzed and the spike recoveries were
compared for accuracy and precision.(Graphs 1-2)
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Graph 1: Pesticides recoveries for 50 ppb spiked apple matrix.
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Graph 2: Precision of the mechanical shaker
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Graph 1: Pesticides recoveries for 50 ppb spiked apple matrix.



Precision of Compared Mixing Techniques
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Graph 2: Precision of the mechanical shaker
Automated Pipetting p ##3%

Experiments were conducted to evaluate the accuracy and precision of
robotically pipetting acetonitrile from a 50 mL centrifuge tube containing
a QUEChERS extract and dispensing it into a 15 mL centrifuge tube
containing dSPE cleanup media.
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Additionally, aliquots were pipetted from the dSPE cleanup vials and
dispensed into a final screw cap storage vial to simulate the two
pipetting processes involved in the QUEChERS extraction.
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Automating the pipetting process for QUEChERS samples is challenging
due to the multi-layered matrix which could plug the pipette tips.
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To overcome this issue, athree prong approach was taken to ensure
accuracy, repeatability and reliability in the pipetting process.
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First, through the use of our patent pending VialVision(patent pending)



system we are able to accurately determine the volume of liquid that is
available for aliquoting.
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Secondly, through the use of a conductive pipette tip we are able to
accurately detect the top layer of the extract. This allows us to determine
the exact depth at which pipetting can begin.
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Lastly, by programming the robotic ADP probe to follow the liquid down
at a controlled speed during the pipetting process we can reliably take
the aliquot without fear of disturbing the underlying layer of the sample
matrix.(Figure 4)
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Figure 4: The ADP during the pipetting process.
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The appropriate amounts of sample, acetonitrile, and extraction salts
were added to the 50 mL centrifuge tubes.

They were then shaken and spun down in a centrifuge. 6 mL (EN
15662:2008) and 8 mL (AOAC 2007.01) aliquots were taken from the 50mL
extraction tubes and were transferred into empty extraction vials.
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Graphs 3 illustrates the precision of the pipetting process using both the
ADP to pipette the aliquots and by pipetting manually from the extraction
tubes.

The accuracy of the automated ADP technique was then compared to
two different styles of manual pipetting.(Graph 4)
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Graph 3: Pipetting precision of manual and automated
pipetting techniques. (n=10)
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Graph 4: Pipetting accuracy using manual and automated
pipetting techniques process. (n=10)
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The last experiment was designed to evaluate the ADP performance



when taking the aliquot from the dSPE cleanup vial and transferring the
aliquot to a final extract vial.

A 4 mL aliquot was pipetted using the ADP and transferred to the final
extract storage vial.(Table 5)
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ADP Final Extract Transfer
Final 4mL Aliquot from d-SPE Cleanup (mL)

% Accuracy 99.5

%RSD 0.02

Table 5: Accuracy and Precision of
pipetting final extract

Liquid Level Sensing % =g ]

Automated pipetting can be a challenge when pipetting a limited amount
of extraction solvent from a vial without disturbing a secondary layer
within.
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Tekmar has overcome this obstacle through the use of VialVision,

a system that can determine the position of the layers in the vial and
calculate the available volume of the extraction.
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The volume of the solvent layer can be determined to within 5% accuracy.
Based on these measurements, the system then warns the user if the
aliquot to be taken from the vial exceeds the volume of solvent available.
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Below are images captured by the VialVison system of QUEChERS
extracts after centrifugation.(Figure 5)

Both samples are in 50 mL conical centrifuge tubes, one sample is an
olive oil matrix and the other is an apple matrix.
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Figure 6 is an image of the final extract after dSPE cleanup and
centrifuging.
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Olive Qil Apple Figure 6: dSPE cleanup

Figure 5: Olive Qil and apple samples after solvent extraction vial con I‘-?_’ ining 6mL
and centrifugation acetonitrile extract

Conclusions %#%

This study demonstrates the feasibility of automating the QUEChERS
extraction using the AutoMate-Q40.
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By automating the liquid handling, addition of salt/buffers, sample
mixing, pipetting, and liquid level sensing using the patent pending
VialVision, the extraction process is fast, easy and offers time and labor
savings, while improving consistency and repeatability of the extraction.
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